Abstract. Hantavirus pulmonary syndrome (HPS) has been documented in the Salta and Jujuy provinces of northern Argentina since 1991 and 1997, respectively, accounting for almost 50% of the cases of HPS reported in this country. Andes (AND) virus, specifically the AND virus Nort lineage, was previously associated with human disease in this region. Genetic analysis of viral medium RNA segments obtained from 18 HPS cases showed the existence of three AND virus Nort sublineages co-circulating in these two provinces. They showed a nucleotide sequence diversity of up to 11.1% between the sublineages. The putative site of infection of one of these cases (Sal3/97) was determined. A 100% nucleotide sequence identity was observed between the viral sequence found in patient Sal3/97 and in two virus-positive Oligoryzomys chacoensis captured in the same place where the case lived and worked. These results indicated the putative site of infection and identified this rodent species as the source of infection.
INTRODUCTION
Hantaviruses (genus Hantavirus, family Bunyaviridae) are enveloped viruses with three negative-strand RNA segments (small [S] , medium [M] , and large [L]) coding for a nucleoprotein (N), a glycoprotein precursor (GPC) of two glycoproteins (G1 and G2), and a viral RNA polymerase, respectively. These viruses produce a persistent infection with coexistence of virus and antibodies in their natural reservoirs and are associated primarily with a single rodent species. Human infection occurs mainly after inhalation of infectious aerosols of rodents excreta. 1, 2 The Old World hantaviruses are associated with hemorrhagic fever with renal syndrome (HFRS) and include Hantaan (HTN), Seoul (SEO), and Dobrava (DOB) viruses in Asia and Europe. Nephropatia epidemica (NE) is a mild form of HFRS caused by Puumala (PUU) virus that occurs principally in northern Europe. 3 Hantavirus pulmonary syndrome (HPS) was first recognized in patients in the United States in 1993 and was associated with Sin Nombre (SN) virus. The major symptoms of this syndrome are fever, myalgia, headache, and gastrointestinal and cardiopulmonary dysfunction with a high case fatality rate. 4, 5 An increasing number of hantaviruses associated with human disease have been identified not only in North America, but also in South America (Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay, [6] [7] [8] ) and recently in Central America (Panama. 9 ) Person-to-person transmission was first documented during an outbreak of HPS in southern Argentina in 1996, [10] [11] [12] and most likely in two family clusters in Chile in 1997, 13 all associated with Andes (AND) virus. From 1995, when the first case of HPS was genetically characterized in Argentina, 14 through 2000, approximately 320 cases of HPS have been reported in three geographically distinct areas of the country: the southern region (Rio Negro, Chubut, and Neuqué n provinces), the central region (Buenos Aires, Entre Rios, and Santa Fe provinces), and the northern region (Salta and Jujuy provinces). Five circulating AND virus lineages associated with human disease have been reported in Argentina: AND Sout and AND Nort in the southern and northern regions of the country, respectively, and AND Cent Lec, AND Cent Plata, and AND Cent Bs as in the central region. 8 The results of phylogenetic analysis showed that the hosts of these viruses were most likely Oligoryzomys species. 8 Maciel (MAC), Pergamino (PRG), and Bermejo (BMJ) viral genotypes associated with two Bolomys obscurus, 14 Akodon azarae, and one Oligoryzomys chacoensis, respectively, have also been identified in Argentina; however, they have not yet been associated with human disease. 15 Salta is the province in Argentina with the highest number of HPS cases reported per year, except for 1996, when an HPS interhuman transmission event involving 16 cases occurred in the southern part of this country. A high prevalence of hantavirus infection was previously described in Salta, reaching 5% in the general population (Sosa Estani S and others, unpublished data) and 17% in an Indian population inhabiting the Salta sector of the Gran Chaco. 16 Serologic evidence of hantavirus infection in northern Argentina has been found in rodents of the subfamily Sigmodontinae, in O. longicaudatus associated with HPS cases in peridomestic rural habitats, and in O. chacoensis and A. varius. 17 However transmission to humans could not be assessed for the last two rodent species since viral genotypes of the animal specimens and the case patient were not available.
To provide more information on the genetic diversity of hantavirus in northern Argentina, we performed a genetic characterization of the circulating virus in 18 HPS cases from this region and determined the complete S segment sequence of the AND virus Nort lineage. We also report the precise site of infection of an HPS case and the identification of a specific rodent species as the source of infection by molecular analysis. Based on the presence of viral RNA and sequencing, we found that AND Nort virus is associated not only with the previously reported O. longicaudatus, but also with two other sigmodontine rodents present in this area (O. chacoensis and O. flavescens).
MATERIALS AND METHODS
Human samples and rodent trapping. Sera from 20 patients in northern Argentina obtained between 1997 and 1999 were tested for antibodies to AND viral nucleoprotein (N-AND).
Whole blood or clots from 18 of the 20 serologically confirmed HPS cases (17 [Sal1/97-Sal5/97, Sal1/98-Sal5/98, Sal1/ 99, Sal 7/99, Sal3/99-SAL5/99, Juj1/98, and Juj1/99] from Salta and Jujuy provinces and one [Neu1/99]) from Neuqué n province in southern Argentina) were used to study the viral genetic diversity circulating in the region associated with human disease. Patient samples were obtained between two and 13 days after the onset of the HPS clinical symptoms.
Rodent trapping was carried out in an HPS-endemic area in Salta province during December 1997. Nine households and working places located within 45 km of the city of Orá n were selected for rodent capture. The criteria for the selection of the trapping places were based on previous and recent HPS cases reported in this area. A total of 910 traps, including Sherman and Tomahawk live traps, were used. Closed traps were collected and transported to a field laboratory and were individually processed by personnel wearing biosafety suits with a filtered air supply (HEPA filters). 18 After animals were anesthesized, blood, lung, and liver tissues were collected and frozen in liquid nitrogen for further studies. Rodent carcasses were stored in a solution of 10% formalin for one month. Rodent species identification was confirmed at the Museo de Ciencias Naturales (Buenos Aires, Argentina).
Trapping success was calculated as number of captures/ number of trap-nights × 100. Trap-nights were calculated as the number of trap/nights × the number of nights in the field minus half the number of sprung-but-empty traps encountered.
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Serologic screening. Human IgM and IgG responses were detected in patient sera using an AND virus-specific enzymelinked immunosorbent assay (ELISA) as previously described. 20 Briefly, patient and control sera were diluted 1:100 and four fold up to 1:6400. A recombinant AND viral nucleoprotein (N-AND) was used as the specific antigen. For detection of IgM, a -capture IgM ELISA was performed using N-AND recombinant antigen and rabbit hyperimmune serum as the second antibody. IgG was detected in rodent sera diluted 1:200 and 1:400 using a peroxidase-labeled affinitypurified antibody to Peromyscus leucopus IgG (heavy plus light chain) as the conjugate. All commercial reagents used were obtained from Kirkegaard and Perry, Inc. (Gaithersburg, MD). ABTS (2, 2Ј-azino-di [3-ethyl-benzthiazoline sulfonate]) was used as substrate for peroxidase and absorbance was measured at 405 nm. Sera with an optical density > 0.3 were considered positive.
Preparation of RNA, reverse transcriptase-polymerase chain reaction (RT-PCR) amplification, and sequencing. Total RNA from whole blood or blood clots of HPS patients and from lung tissues of infected rodents was extracted using the guanidinium isothiocyanate-acid phenol extraction procedure as described.
14 For RNA purification, the RNAid kit (Bio 101) was used following the manufacturer's recommendations. A one-step RT-PCR was performed followed by a second round of nested or heminested PCR. For the amplification and sequencing of the complete S and partial M AND virus segments, specific oligonucleotide primers were used as described. 12, 21 An additional minus primer 5Ј-TAGTAGTATGCTC-CTTG-3Ј (nucleotides 1860-1876 numbered related to AND virus) was used for the 5Ј non-coding region of the S segment. The PCR products were separated by electrophoresis on agarose gels, gel purified (Wizard PCR preps; Promega, Madison, WI), and sequenced using the dideoxy cycle sequencing technique (fmol DNA Sequencing System; Promega) or the ABI PRISM Big Dye Terminator Sequencing kit (PerkinElmer Applied Biosystems Division, Foster City, CA). Reactions were performed on a Perkin-Elmer GeneAmp PCR System 2400. All the amplified and sequenced fragments were numbered in the antigenome sense.
Phylogenetic analysis. Phylogenetic trees were performed using the PHYLIP package (version 3.57c). 22 The percentage of bootstrap supporting each node was indicated at branch points with values greater than 50% and was obtained from 500 replicates (SEQBOOT) (CONSENSE). DNAPARS was used to obtain maximum parsimony trees. The lengths of the tree stems were proportional to genetic distances obtained using DNADIST program-weighting transversion twice as transition. The FITCH program was used to fit distances to maximum parsimony trees. Horizontal distances indicate approximate nucleotide sequence percentage differences between virus variants.
For the phylogenetic analysis of the complete S segment, known sequence data were obtained from GenBank. 
RESULTS
Epidemiologic data and presentation of cases. Hantavirus pulmonary syndrome was first reported in southern Argentina in 1995 and subsequently in the central and northern regions of this country. Almost 50% of the cases of HPS in Argentina have occurred in the northern region, with the majority in Salta (120 cases since 1995) and in less in Jujuy (46 cases from 1997 through 2000). Subtropical vegetation with forests and jungles predominates in this region. The two principal agricultural activities are the growing of sugar cane and citrus fruits. Deforestation is essential for these activities. Thus, there is an interaction between workers and the wild fauna in this location, which results in an increase in the possibility of acquiring HPS or other zoonotic diseases. The number of cases of HPS in Salta has increased annually since 1995, reaching 35 in 1997 and decreasing to 29 in 1998, 22 in 1999, and 15 in 2000, with mortality rates of 23%, 7%, 24%, and 27%, respectively. It is important to note when comparing mortality rates in Salta with those in other areas of the country that the same physician from the intensive care unit of the San Vicente de Paul Hospital in Orá n (Salta province) has been treating patients with respiratory distress since 1985. The highest occurrence of HPS cases in this province is in the fall (March-June) and spring (September-December) ( Figure  1 ). As noted in this figure, an increase in cases of HPS (9 of 35) was observed during November and December 1997. The number of cases subsequently decreased and the peaks in the fall and spring of 2000 were not as pronounced.
Twenty cases of suspected HPS in Salta and Jujuy provinces between 1997 and 1999 were included in the present study. Initial samples were obtained between two and 13 days after the beginning of symptoms. Specific IgM antibodies to N-AND virus were detected in the initial samples of 19 patients. An IgG response was detected in the initial samples of 18 patients. An IgM response could not be detected in the initial sample of one case two days after the onset of symptoms; however, test results for IgG antibodies and the RT-PCR were positive. Subsequent samples were not available for the IgM-negative patients or the two IgG-negative patients. Viral RNA was isolated from the initial samples of 18 of the 20 patients and subjected to molecular analysis.
Genetic characterization of circulating virus in humans. Viral RNA isolated from 18 of the 20 HPS cases was used in a detailed genetic characterization of the circulating virus in the study areas. A 226-nucleotide fragment (nucleotides 2721-2946) of the viral M segment obtained from these patients was analyzed by RT-PCR and sequenced. Pairwise nucleotide comparison showed that all 18 patients were infected with AND virus, specifically the AND virus Nort lineage. These viral sequences showed a sequence diversity up to 11.1% and a highly conserved amino acid sequence (Table 1) . Based on sequence similarities of this partial G2 fragment, three genetic viral sublineages could be distinguished among the studied patients. One sublineage included the two cases from Jujuy (Juj1/98, Juj1/99) and one case from Salta (Sal5/99) located close to the border with Jujuy. The other 14 cases, located at least 50 km north of Jujuy, formed two different sublineages and included three cases (Sal1/97, Sal1/98, and Sal5/98) in one sublineage and 11 (Sal2/97-Sal5/97, Sal2/98-Sal4/98, Sal1/99, Sal7/99, Sal3/99, and Sal4/99) in the other sublineage. The nucleotide sequence diversity between these two sublineages and the Jujuy viral sequences ranged from 5.8% to 8.4% and 5.3% to 9.3%, respectively. The two sublineages from Salta were observed within 45 km of Orá n and co-circulated without geographic clustering (Figure 2 ). The nucleotide sequence diversity between these two sublineages ranged from 7.1% to 11.1%. The maximal nucleotide variation found within each of the three sublineages ranged from 3.5% to 5.3%. During the study period (1997-1999), minor genetic variation was observed within each sublineage in the viral region analyzed. In addition, a sample from a 23-year-old man (Neu1/99) from Neuqué n province (southern Argentina) was also included in this report. After working for one month in Salta province, this case returned to Neuquen where the onset of symptoms of HPS occurred 15 days after his arrival. Nucleotide sequence comparison of the same partial G2 fragment obtained from this patient showed the highest degree of identity with sequences from Jujuy (between 96.5% and 97.3%) and a nucleotide sequence identity of 85.4% compared with the circulating AND virus in southern Argentina (AND Sout lineage).
Trapping and viral genetic characterization in rodents. Rodent capture was carried out in nine different locations within 45 km of Orá n (Salta province) during December 1997. To study the genetic variability of the virus circulating in this area, two additional cases, Sal4/97 and Sal5/97, which occurred close to the putative site of infection of Sal3/97, were Terminal nucleotides (16 nucleotides at the 3Ј end and 17 nucleotides at the 5Ј end) were assumed to be present based on the primer sequences used for amplification and sequencing of the S segment. Similar to other Sigmodontinae-borne hantaviruses, an additional ORF coding for a putative nonstructural protein of 63 amino acids was found at position 122. Four cysteine residues were present at positions 203, 244, 309, and 314, consistent with the nucleocapsid protein sequences of other pulmonary-related hantaviruses. The eightnucleotide motif 5Ј-CTACCTCA-3Ј was found three times at positions 1826, 1854, and 1872. The 5Ј non-coding region of 581 nucleotides was shown to be 45 and seven nucleotides longer than those in AND Sout and LN viruses, respectively, and 64 and 149 nucleotides shorter than those in RIOM and SN viruses, respectively. Nucleotide and amino acid sequence comparison of the AND Nort virus coding S segment showed 83.6% and 96.5% identity, respectively, and almost 78% identity in the 5Ј non-coding region, when compared with the AND Sout virus. The identity of the AND Nort virus S segment with other pulmonary-related hantaviruses circulating in America was lower: 78.9% and 89.9% with LN virus, 81% and 90.4% with RIOM virus, and 76.9% and 86.7% with SN virus at the nucleotide and amino acid sequence levels, respectively.
Phylogenetic analysis. Maximum parsimony analysis based on sequences of the entire S segment was carried out using a 2:1 weighting of transversion over transition (Figure 3) . Within the Sigmodontinae-associated viruses, South American hantaviruses formed a well-supported clade (90% bootstrap support) separated from the North American BAY and BCC viruses. The AND Nort virus appeared as a monophyletic group with AND Sout virus with a well-supported bootstrap value (100%). Moreover, LN virus from Paraguay and RIOM virus from Bolivia formed a monophyletic clade with AND viral lineages. A similar tree topology was observed for a partial M segment. 8 To better appreciate the level of genetic diversity of the AND Nort virus sequences, a maximum parsimony analysis based on nucleotide sequences of three M-segment PCR fragments (nucleotides 88-281 and 1736-1987 of G1 and nucleotides 2721-2946 of G2) was included (Figure 4) . The virtually identical Sal3/97 and O. chacoensis #27/97 sequences were selected as being representative of the AND virus Nort lineage. The inset in Figure 4 shows the phylogenetic relationship among the 226-nucleotide sequence of the M segment (nucleotides 2721-2946) amplified from the 18 HPS cases and the rodents (two O. chacoensis and one O flavescens) captured in Salta in 1997. The estimated phylogeny of the three AND virus Nort sublineages was compatible with the three sublineages distinguished by nucleotide pairwise comparisons. The phylogenetic tree constructed using this fragment was poorly resolved at one branch point (50% bootstrap value). A neighbor-joining analysis of the same data resulted in a similar tree topology, but this did not help to improve the resolution of the tree. The complexity of the South American hantavirus phylogenetic studies as previously suggested again shows the difficulty in the analysis of molecular phylogeny, 7 especially when small nucleotide fragments are used.
DISCUSSION
Argentina has the highest number of reported cases of HPS in South America, with approximately 320 confirmed cases from 1995 through 2000 in the three geographic regions previously mentioned (southern, central, and northern). The mortality rate has decreased from 70% in the first outbreaks to 30% in more recent outbreaks. Salta and Jujuy provinces constitute an HPS-endemic region with an occurrence of cases mostly during autumn and spring. Retrospective studies indicate that the first HPS case in Salta was reported in 1991. Since then, hantavirus has been a health public concern in Argentina. Because of the high occurrence of HPS cases reported in the northern region of this country, we sought to 1) genetically characterize in greater detail the virus associated with HPS in northern Argentina, 2) genetically characterize the host in which the virus circulated in Salta, and 3) identify the putative site of infection of HPS and the associated risk factors.
Based on our data of partial viral sequences obtained from 18 HPS cases infected in Salta and Jujuy provinces, we proposed the existence of at least three AND virus Nort sublineages. In a previous study, we found that similarities among viral nucleotide sequences of a unique AND lineage in a partial G2 fragment (position 2721-2946) were between 90% and 100%. 8 The criteria used to separate the viruses into their respective sublineages in the present report was based on the same partial G2-encoding fragment. A maximal nucleotide variation between 3.5% and 5.3% was observed within each sublineage. Maximum parsimony analysis confirmed these results, grouping each of the three sublineages into three separate clusters and in the same clade with other AND lineages. A larger fragment of the viral genome would help to assess this criteria. However, geographic distribution of each of the three sublineages could not be observed. Moreover, the two sublineages from Salta co-circulated within a 50-km radius. An extensive viral analysis including more HPS cases could help in assessing geographic clustering.
The wide distribution of AND virus and the presence of five AND lineages circulating in Argentina, three in the central region (AND Cent Bs As, AND Cent Plata, and AND Cent Lec), one in the northern region (AND Nort), and one in the south region (AND Sout), raise the possibility of the existence of more than one rodent species as a natural reservoir. To date, the sigmodontine rodent O. longicaudatus is accepted as the natural reservoir of AND Sout virus in southern Argentina. Viral RNA was previously recovered from two O. longicaudatus captured in Salta province and was associated with an HPS case from that region, with a partial M segment nucleotide sequence identity of 98.6%. Based on this data, O. longicaudatus was associated with the hantavirus associated with human disease in northern Argentina. 15 In the present study, we reported the presence of AND Nort viral RNA in two O. chacoensis and one O. flavescens. Both rodent species were captured in the same place in which human case Sal3/97 had lived and worked, and were genetically associated with the virus characterized from this case, showing a high nucleotide sequence homology in both the S and M viral segments. In addition, 41% (16 of 39) of the rodents we obtained in the entire capture procedure were trapped in this camp and seven of the eight O. chacoensis were recovered at this location. Due to the low number of infected rodents captured, we did not identify either of these two rodent species as the natural reservoir of AND Nort virus. However, the high proportion of O. chacoensis captured in this camp and the identity between the viral sequence found in this rodent species and in case Sal3/97 provide strong evidence that O. chacoensis was the source of infection and should be considered as the putative reservoir of AND Nort virus. In addition, only one O. longicaudatus was captured at this location, and antibodies to AND virus or viral RNA were not obtained from this specimen. The identity in the viral sequences of the rodent and the HPS case also confirmed the site of infection. This is the first report of identical viral sequences found in an HPS case and a natural rodent host in northern Argentina.
In addition to the three serologically positive Oligoryzomys (two O. chacoensis and one O. flavescens) captured in the camp at Carmelita, antibodies to AND virus were detected in one A. varius. The fact that the four serologically positive rodents were trapped in the same place and that there are no reports of AND Nort viral RNA detected in Akodon species, indicates that the presence of antibodies to AND virus in A. varius could be attributed to an spillover event. Moreover, previous studies have reported the presence of viral antibodies in A. varius captured in northern Argentina. 15 In addition to the AND viral lineages associated with human disease, other hantaviruses not associated with HPS have been reported in Argentina (e.g., BMJ virus, MAC virus, and PRG virus). Bermejo virus, which has a different hantavirus genotype, was associated with one O. chacoensis captured in Orá n, Salta. 15 Interestingly, nucleotide and amino acid sequence divergences of 17.4% and 4.4% in a 476-nucleotide region of the M segment were observed between the viral sequence recovered from both O. chacoensis associated with AND Nort virus and the BMJ virus sequence previously reported in O. chacoensis.
The significance of these findings is consistent with the difficulty of demarcating individual virus species within the genus Hantavirus, especially in South America. To data, the criteria for designating what constitutes a novel hantavirus (species) have been inconsistent and arbitrary. 23 The presence of viral RNA of a single hantavirus in other rodent species besides the natural reservoir was previously described in North America, but with a low incidence. 24 Sin Nombre viral RNA was found not only in its primary reservoir (Peromyscus maniculatus), but also in P. truei and P. boylii and in species from other families of rodents such as Neotoma albigula and N. lepida. 25 Recent studies have suggested that based on rodent mitochondrial DNA sequence differences, viral genetic variants could be associated with different species of Peromyscus and even in some cases with phylogenetically distinct subspecies or mitochondrial DNA haplotypes. 26 Our data may be useful in understanding that closely related AND HPS-associated hantaviruses such as AND Nort and AND Sout, with a partial G1 plus G2 amino acid identity of 92.3%, could be found in O. longicaudatus. 8 However, it would be important to define serotypic relationships among these viruses to establish common neutralization determinants. In addition, proper rodent taxonomy will be necessary for analysis of co-speciation and phylogenetic relationships among human hantaviruses isolated in Argentina and their respective rodent hosts.
There is limited knowledge on the distribution of hantavirus in Salta and the risk for exposure within this endemic region. Previous studies associated the presence of infected O. longicaudatus with HPS cases in peridomestic rural habitats. 17 We addressed the question of whether rodents captured close to households with HPS were identical or different species. Outbreaks usually appear to be positively associated with rodent population densities, which in turn are correlated with climatic change and land use patterns by humans. However, the high seroprevalence observed in the region studied and the high number of cases reported annually is not consistent with the distribution of infected Oligoryzomys obtained in the rodent capture throughout this region. As shown in Figure 1 , an unusual increase in the number of HPS cases in Salta during November and December 1997 was rarely observed. The genetic diversity found in the circulating virus and the number of virus-positive rodents captured do not explain this phenomenon. The viral sequences obtained from HPS cases reported during this period (Sal3/97, Sal4/97, and Sal5/97) belong to the same AND Nort viral sublineage as those characterized from the captured rodents (both O. chacoensis and O. flavescens).
Many agricultural workers live in areas adjacent to the fields during the work period and are more exposed to rodents and their excreta. The risk for the acquisition of HPS could be reduced by avoiding living and working in the same place if wild rodents are present in the area. Thus, it is important to consider this factor when addressing the interaction between the workers in the specific areas and wild rodents.
In conclusion, we report the existence of three sublineages among AND Nort viruses obtained from 18 HPS cases, two O. chacoensis, and one O. flavescens. We believe that the number of infected rodents captured was insufficient to postulate a specific Olygoryzomys species as the natural reservoir for the AND Nort viral lineage, but the existence of AND Nort viral sequences in three Oligoryzomys species is evidence that this genus may be the putative reservoir of this virus in northern Argentina. These findings, along with additional studies, could be used to identify environmental factors associated with high risk of hantavirus exposure in northern Argentina.
